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Synopsis. The reaction of trimethylsilyltributyltin
with «-halo ketone in the presence of a catalytic amount of
palladium chloride plus twice molar amounts of trimethyl
phosphite gave enol silyl ethers in good yields.

The most important method to form Si-C bonds
involves the reaction between organosilicon halides and
Grignard or organolithium reagents. An alternative
method available is the reaction between disilane and
organic halides in the presence of appropriate transi-
tion metal complexes.)) Application of this reaction

mM]
RX + Me,SiSiMe, —— RSiMe; + Me;SiX

to a-halo ketone was recently reported by Moro-oka
et al. to give the reductive dehalogenated product,
ketone as a major product, except for the reaction
with a-bromoacetophenone which gave enol silyl ether
as a major product.?

Comparing with hexamethyldisilane, trimethylsilyl-
tributyltin is expected to be a more reactive reagent,
because Sn-Si bond is weaker than Si-Si bond. We
carried out the palladium-catalyzed reaction of tri-
methylsilyltributyltin with a-halo ketones under various
conditions, intending to increase the yield of enol
silyl ether, and to reduce the yield of reductive de-
halogenated product. This note which describes the
results affords an example of the catalytic silylation
of a-halo ketones by means of the compound related
to disilane, although a number of other methods for
the preparation of enol silyl ether are so far known.®

(o)
T | . [pd] /
-C-C-X + Bu,SnSiMe; — —C=C\ + BugSnX
!

' OSiMe,
The reaction of trimethylsilyltributyltin  with = o-
bromoacetophenone in the presence of tetrakis(tri-
phenylphosphine)palladium was carried out at various

reaction temperature. As Table 1 shows, lower the
temperature, the yield of «-trimethylsiloxystyrene in-

TaBLE 1. TEMPERATURE DEPENDENCE OF PRODUCTS
DISTRIBUTION
OSiMe,
Pd(PPhs), |
Bu,SnSiMe; + BrCH,COPh ———— PhC=CH, + PhCOMe
0.01 mmol
1.2 mimol 1.0 mmol e 1 I
Yield of products/9,®
Temp/°C —_—
1 1I
120 35 37
100 52 31
80 61 27
60 56 23

creased comparing with that of acetophenone, the re-
ductive dehalogenated product. The optimum tem-
perature was about 80 °C.

The distribution of the products depended also on
the nature of the catalysts and the ligands used. As
shown in Table 2, the best catalyst was s-allylpal-
ladium or palladium chloride plus twice molar amounts
of trimethyl phosphite. From the view point of avail-
ability and stability of the catalysts, palladium chloride
plus trimethyl phosphite may be the most recom-
mendable catalyst.

Since, under these conditions, a-trimethylsiloxystyrene
was produced in good yield and the production of
acetophenone was essentially suppressed, the method
was applied to the reaction with various «-halo ketones,
giving the results as shown in Table 3. Enol silyl
ethers were produced in good yields together with a
quite small amount of the reductive dehalogenated
products. The yield descended as the halo ketone
varied from primary to secondary, and then to tertiary.
At lower reaction temperature, the yields of the product
from secondary or tertiary bromide seemed to be im-
proved.

The mechanism for this reaction may be analogous
to that proposed by Moro-oka et al.?)

TABLE 2. EFFECT OF THE CATALYST ON THE YIELD
AND DISTRIBUTION OF THE PRODUCTS

. OSiMe,
BuSnSiMe, + B:CH,COPh ——— PhC-CH, + PhCOMe
1.2 mmol 1.0 mmol Ol mme I 1I
Yield of products/%,»
Catalyst —_—

I 1I
None 0 8
Pd(PPh,), 61 27
PdCl,(PPh,), 29 19
PdCI,[P(o-tolyl),]. 4 27
PACL[P(p-tolyl),], 51 18
PdCl,(PhCN), Trace 7
RhC1(PPh;), Trace 30
NiCl,(PPh,), 0 9
[PACI(CHj)],» 13 24
+2P(OEt), 80 13
+2P(OPh), 53 35
+2P(OMe); 76 5
PdCL,» Trace 3
+2P(OEt), 78 10
+2P(OPh), 15 26
+2P(OMe), 81 8
Pd(OAc),» +2P(OEt), 48 18

a) GLC vyield based on halide.
tion time: 5h.

b) Solvent: PhH, 0.5 ml, reac-

a) GLC yield based on halide. b) Used 0.05 mmol.
PhH, 0.5 ml, reaction time: 5 h.

c) Solvent:



3540

TABLE 3. Pd-CATALYZED REACTION OF TRIMETHYL-
TRIBUTYLTIN WITH VARIOUS &-HALO KETONES

[MJ‘)
Bu,;SnSiMe, + a-Halo ketone ———> Enol silyl ether + Bu,SnX

36 mmol 30 mmol
a-Halo ketone Yield of product/%,® ?m;?
BrCH,COMe CH,=C(OSiMe;)Me 80(67)® 9 N
BrCH,COEt CH,-C(OSiMe,)Et 89(72)% 114
BrCH,CO*Pr CH,=C(OSiMe,)Pr 93
BrCH,COBu CH,=C(OSiMe,)Bu 95(75) 70 (70)
BrCH,COPh CH,=C(OSiMe,)Ph 76 (69) 102 (20)

<§=o Q}-osuuea 52

a1

MeCOCHBrMe  Me(Me,SiO)C=CHMe 50(73)¢:d 124
MeCOCHBrMe, Me(Me;SiO)C=CMe, 30(40) < 60(70)

a) PdCl, (0.3 mmol) +2P(OMe), in PhH (10 ml) at 80 °C for
Sh. b) GLC yield based on halide, isolated yield in pa-
rentheses. c¢) At 60 °C for 24 h. d) Solvent: tetralin, 10 ml.

Experimental

Boiling points are uncorrected. IR spectra were recorded
on a Hitachi EPI-3G spectrophotometer. NMR spectra
were recorded on a Varian EM-360 instrument. GLC ana-
lyses were carried out with an Ohkura 802 instrument, using
columns (1.5 m) packed with 109, Silicone SF-96, 10%,
SE-30, 109, Apiezon Grease L, or 109 Carbowax-20M on
Celite 545 (AW DMCS).

Materials. Trimethylsilyltributyltin,® bromoacetone,®
1-bromo-2-butanone and 3-bromo-2-butanone,® 1-bromo-3-
methyl-2-butanone and 3-bromo-3-methyl-2-butanone,® 1-
bromo-3,3-dimethyl-2-butanone,” «-bromoacetophenone,® 2-
chlorocyclohexanone,® Pd(PPh;),,' PdCl,(PPh,),,'» PdCl,
[P(o-tolyl)s]s,'  PACL[P(p-tolyl)s]y,'Y  PdCly(PhCN),,'»
RhCI(PPh,),,*» NiCly(PPh,),,'» and [PdCI(C,H;)],'» were
prepared by the methods described in literatures.

Reaction Procedures. Solutions of trimethylsilyltributyl-
tin (1.2 mmol), «-halo ketone (1.0 mmol), and the catalyst
(0.01 mmol) in benzene (0.5 ml) were degassed and sealed
in vacuo. After heating for 5 h, the reaction mixtures were
subjected in GLC. For the experiment in preparative scale,
solutions of 30 times amounts of reactants and catalyst were
prepared and heated under argon at 80 °C for 5h. The
products were isolated by distillation under reduced pressure.

Products. All the products are known compounds,16:19)
identification of which was based on their spectroscopic
data recorded here.

2-Trimethylsiloxy-1-propenc: IR (neat) 1640 and 900 (C-=
C), and 1030 cm—! (Si-O-C). 'HNMR (CCl,) 6=0.18
(s, 9H), 1.72 (s, 3H), and 3.95 (s, 2H).

2-Trimethylsiloxy-1-butene: IR (neat) 1620 and 880 (C=C),
and 1030 cm-! (Si-O-C). HNMR (CCl,)) ¢6=0.13 (s,
9H), 0.92 (t, J=7.6 Hz, 3H), 1.93 (q, J=7.6 Hz, 2H),
and 3.89 (s, 2H).

2-Trimethylsiloxy-3-methyl-1-butene: IR (neat) 1630 and 860
(C=C), and 1010 cm~* (Si-O-C). 'H NMR (CCl,) 6=0.20
(s, 9H), 0.96 (d, J=6 Hz, 6H), 2.10 (h, J=6 Hz, 1H),
3.84 (s, 1H), and 3.95 (s, 1H).

2- Trimethylsiloxy-3,3-dimethyl-1-butene: IR (neat) 1620 and
880 (C=C), and 1030 cm~! (Si-O-C). 'H NMR (CCl,) é=
0.18 (s, 9H), 1.05 (s, 9H), 3.85 (d, J=1 Hz, 1H), and 4.01
(d, J=1Hz, 1H).
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o~ Trimethylsiloxystyrene. IR (neat) 1620 (C=C) and
1010 cm—t (Si—-O-C). 'HNMR (CCl,) 6=0.26 (s, 9H),
427 (d, J=1.7Hz, 1H), 4.73 (d, J=1.7Hz, 1H), and
7.00—7.58 (m, 5H).

7- Trimethylsiloxycyclohexene: IR (neat) 1670 and 898 (C=C),
and 1190 cm™! (Si-O-C). 'HNMR (CCl,) 6=0.15 (s,
9H), 1.31—1.73 (m, 4H), 1.73—2.18 (m, 4H), and 4.73
(m, 1H).

2-Trimethylsiloxy-2-butene: IR (neat) 1680 and 900 (C=C),
and 1050 cm~! (Si-O-C). 'HNMR (CCl,) 6=0.18 (s,
9H), 1.43 (d, q, J=6.6 and 1 Hz, 3H), 1.71 (m, 3H), and
4.41 (q,q, /=6.6 and 1 Hz, 1H).

2- Trimethylsiloxy-3-methyl-2-butene: IR (neat) 1680 and 905
(C=C), and 1010 cm—! (Si-O-C). 'H NMR (CCl,) 6=0.10
(s, 9H), 1.55 (s, 6H), and 1.70 (s, 3H).

References

1) H. Matsumoto, S. Nagashima, K. Yoshihiro, and
Y. Nagai, J. Organomet. Chem., 85, Cl1 (1975); H.
Matsumoto, K. Yoshihiro, S. Nagashima, H. Watanabe,
and Y. Nagai, dbid., 128, 409 (1977); H. Matsumoto, T.
Yako, S. Nagashima, T. Motegi, and Y. Nagai, ibid., 148,
97 (1978); H. Matsumoto, S. Nagashima, T. Kato, and
Y. Nagai, Angew. Chem., Int. Ed. Engl., 17, 279 (1978); H.
Matsumoto, K. Shono, and Y. Nagai, J. Organomet. Chem.,
208, 145 (1981); K. Yamamoto, S. Suzuki, and J. Tsuji,
Tetrahedron Lett., 21, 1653 (1980); H. Azizian, C. Eaborn,
and A. Pidcock, J. Organomet. Chem., 215, 49 (1981); C.
Eaborn, R. W. Griffiths, and A. Pidcock, ibid., 225, 331
(1982); R. Calas, J. Jagcques, G. Deleris, and N. Duffaut,
ibid., 225, 117 (1982).

2) H. Urata, H. Suzuki, Y. Moro-oka, and T. Ikawa,
J. Organomet. Chem., 234, 367 (1982).

3) E. W. Colvin, “Silicon in Organic Synthesis,”
Butterworths, London (1981), pp. 198—213 and references
cited therein.

4) C. Tamborski and E. J. Soloski, J. Org. Chem., 28,
237 (1963). '

5) P. A. Levene, Org. Synth., Coll. Vol. II, 88 (1943).

6) J. R. Catch, D. F. Elliot, D. H. Hey, and E. R. H.
Jones, J. Chem. Soc., 1948, 272; J. R. Catch, D. H. Hey,
E. R. H. Jones, and W. Wilson, ibid., 1948, 276.

7) G. A. Hill and E. L. Kropa, J. Am. Chem. Soc., 55,
2509 (1933).

8) R. M. Cowper and L. H. Davidson, Org. Synth., Coll.
Vol. II, 480 (1943).

9) M. S. Newman, M. D. Farbman, and H. Hipsher,
Org. Synth., Coll. Vol. III, 188 (1955).

10) D. R. Coulson, Inorg. Synth., 13, 121 (1972).

11) J. Chatt and F. G. Mann, J. Chem. Soc., 1939, 1631.

12) M. S. Khrasch, R. C. Seyler, and F. R. Mayo, J.
Am. Chem. Soc., 60, 882 (1938).

13) J. A. Osborn and G. Wilkinson, Inorg. Synth., 10,
67 (1967).

14) F. A. Cotton, O. D. Faut, and D. M. L. Goodgame,
J. Am. Chem. Soc., 83, 344 (1961).

15) W. T. Dent, R. Long, and A. J. Wilkinson, J. Chem.
Soc., 1964, 1584.

16) H. O. House, L. J. Czuba, M. Call, and H. D.
Olmstead, J. Org. Chem., 34, 2324 (1969).

17) C. R. Kruger and E. G. Rochow, J. Organomet.
Chem., 1, 476 (1964).






